UNCLASSIFIED 


Defense  Technical  Information  Center 
Compilation  Part  Notice 

ADPO 13042 

TITLE:  Luminescence  Enhancement  in  Indirect  Band-Gap  Semiconductors 
With  Quantum  Confinement  Structures 

DISTRIBUTION:  Approved  for  public  release,  distribution  unlimited 
Availability:  Hard  copy  only. 


This  paper  is  part  of  the  following  report: 

TITLE:  Nanostructures:  Physics  and  Technology  International  Symposium 
[8th]  Held  in  St.  Petersburg,  Russia  on  June  19-23,  2000  Proceedings 

To  order  the  complete  compilation  report,  use:  ADA407315 

The  component  part  is  provided  here  to  allow  users  access  to  individually  authored  sections 
of  proceedings,  annals,  symposia,  etc.  However,  the  component  should  be  considered  within 
the  context  of  the  overall  compilation  report  and  not  as  a stand-alone  technical  report. 

The  following  component  part  numbers  comprise  the  compilation  report: 

ADPO  13002  thru  ADPO  13 146 


UNCLASSIFIED 


8th  Int.  Symp.  "Nanostructures:  Physics  and  Technology" 
St  Petersburg,  Russia,  June  19-23,  2000 
© 2000  Ioffe  Institute 


QW/SL.Oli 


Luminescence  enhancement  in  indirect  band-gap  semiconductors  with 
quantum  confinement  structures 

Y.  Shiraki 

Research  Center  for  Advanced  Science  and  Technology  (RCAST) 

The  University  of  Tokyo  4-6-1  Komaba,  Meguro-ku,  Tokyo  15338904,  Japan 


In  order  to  obtain  efficient  light  emission  from  indirect  band-gap  semiconductors,  we  have 
systematically  investigated  the  correlation  between  electronic  states  and  optical  properties 
in  three  kinds  of  novel  quantum  confinement  structures. 

The  first  one  is  a neighboring  confinement  structure  (NCS)  in  which  a pair  of  thin 
layers  of  spatially  indirect  band-gap  semiconductors  is  sandwiched  by  a wider  band-gap 
barrier  layers.  The  usefulness  of  this  structures,  that  is,  increase  of  luminescence,  espe- 
cially no-phonon  emission,  and  thermal  stability  of  luminescence  was  demonstrated  for 
GaP/AlP  NCS  structures  where  the  GaP/AlP  pair  was  sandwiched  by  AlGaP  barrier  lay- 
ers. The  luminescence  was  proven  to  be  further  enhanced  by  growing  the  structure  on 
InGaP  pseudo-substrates.  This  enhancement  can  be  attributed  to  T-X  band  mixing  and 
the  increase  of  wavefunction  overlap  caused  by  the  strain.  These  NCS  structures  were 
demonstrated  to  be  applicable  to  Si/Ge  heterostructures  and  systematic  energy  shift  and 
significant  luminescence  enhancement  were  clearly  observed. 

The  second  structure  is  a quantum  well  which  contains  an  ultrathin  A1P  layer  at  the 
center  of  type-I  indirect  GaAsP/GaP  quantum  wells  (QWs)  so  that  electrons  are  effectively 
localized  into  the  well  region.  Insertion  of  1 -ML  of  A1P  into  the  center  of  GaAsP  QWs  was 
found  to  drastically  increase  luminescence  intensity.  The  study  on  As  composition  and  A1P 
thickness  dependencies  as  well  as  numerical  calculation  revealed  that  exciton  localization 
is  preferable  for  enhancement  of  luminescence  when  the  Xz  band  rather  than  Xxy  bands 
constructs  the  quantum  well. 

An  ultimate  structure  for  exciton  localization  in  indirect  band-gap  materials  is  the  quan- 
tum dot  structure.  Formation  of  Ge  dots  on  Si  layers  was  investigated  and  it  was  found 
that  well-controlled  dot  array  can  be  realized  by  employing  electron-beam  lithography  and 
selective  epitaxial  growth  of  gas  source  MBE  of  Ge  on  Si  layers  with  SiCh  masks.  The 
numbers  and  size  of  Ge  dots  are  dependent  on  growth  conditions,  especially  the  size  of  SiCU 
windows,  reflecting  migration  length  of  Ge  atoms.  Significant  luminescence  is  observed 
from  the  dot  array  and  the  attempt  to  reduce  the  dot  size  is  now  under  progress  to  enhance 
the  quantum  confinement  effects  in  the  dots. 


152 


